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Belle

Belle II @ Super-KEKB 
Intensity Frontier Flavor Factory Experiment  

@ World’s Highest-Luminosity Electron Positron Collider 

Successor to Belle at 
KEKB (1999-2010)

1 km

7 GeV e− 4 GeV e+ 
ECM ϒ(4S) = 10.58 GeV + scans 

ϒ(4S)→B B 
B + Charm  +  τ  Factory

KEK 
Tsukuba 
Campus

The Belle II Collaboration
1100 members, 123 institutions, 26 countries

4

~1100 researchers

123 institutions


26 countries and regions

• Low-background production of 
O(100-1000) B/D/τ per second. 

• Kinematic constraints from e+ e− 
production: unique precision in final 
states with multiple π0’s or ν’s.
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Belle Belle II Data  

"3

Accelerator	ctrl	room�

BCG�

Another	bldg�

Belle	II	Exp	Hall�

Remote	ctrl		
room	shift�

(SpeakApp)� (RocketChat)�

KEK	campus�

Safety		
shift�

Sub-system	experts	
�

Ctrl	room�

SuperKEB�

VPN�

• As of today our recorded luminosity:  ~213 fb−1 . 

• Successful data taking throughout the pandemic. 

• Record instantaneous luminosity 3.12x1034 cm-2s-1. 

• Data taking efficiency 89.5% 

• Results use up to ~128 fb−1.



H
ot

 T
op

ic
s 

at
 B

el
le

 II
   

   
—

   
   

H
. A

tm
ac

an
   

  —
   

  B
F2

02
1 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 

Belle Outline
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Belle II physics program: not just flavor anomalies

1111

D0 D+ lifetime 
measurements

•ϕ3(=𝛾) 
Extraction on 
the Combined 
(Belle+Belle II) 
dataset

•First Belle II 
Measurements 
of B→J/ψ KL 
and B→η′K  
•Towards (ϕ2/α) : 
B0 →π0π0  
B+ →ρ+ρ0 

•First Belle II 
measurement 
of B0→K0π0 

Courtesy Tom Browder

•Search for     
Z’ → invisible 

•Search for 
ALPs 

Very rich program 
“The Belle II Physics Book”  
[PTEP 2019 (2019) 12, 123C01]

https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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Belle II physics program: not just flavor anomalies

1111

D0 D+ lifetime 
measurements

•Rediscovery 
of B→J/ψ KL 
and B→η′K  

•Towards (ϕ2/α) : 
B0 →π0π0  
B+ →ρ+ρ0 

•First measurement 
of B0→K0S π0 

Courtesy Tom Browder

•Search for     
Z’ → invisible 

•Search for 
ALPs 

Very rich program 
“The Belle II Physics Book”  
[PTEP 2019 (2019) 12, 123C01]

“B Anomalies at Belle II” 
Markus Prim 

November 3rd 
Session: Flavor 2 

4:40 pm 

https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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Belle D0 and D+ Lifetime Measurements

"6

D lifetimes HQL2021
production vertex

decay 
vertex

➡ Select high-purity signal candidates in D*-tagged D0  → Kπ and D+ → Kππ  

• avoid selection criteria that bias the D proper time  

➡ Compute the D proper time t and its uncertainty σt from the reconstructed D production 

and decay vertices and its momentum : 

                              

• production vertex lies inside the e+e– interaction region 

• decay vertex is displaced on average by ~200/500 μm                                               
for the D0/D+ 

➡ Extract the lifetime with a fit to the (t, σt) distribution  

• signal & bkg PDFs extracted from data, no input from simulation

⃗p

How to Measure the Lifetime
use e+e– → cc → D* X events

6

d⃗ ⋅ p̂

t = mD

p ( ⃗d ⋅ ̂p)

(lies inside the e+ e− interaction region) 

decay vertex

production vertex

(is displaced on 
average by ~200(500) 

µm for the D0(D+) )

• Lifetime measurements provide excellent tests of effective models, such as the heavy-quark expansion [arXiv:1405.3601]. 
• Most precise D0 and D+ lifetimes: FOCUS two decades ago [arXiv:hep-ex/0203037]. 

• No measurements from Belle, BaBar nor LHCb. 

• D+ lifetime is being used as a reference.

• Belle II: using e+ e− → cc → D* X events : 

• select high-purity samples of D*-tagged D0 → K−π+ and 

D+ → K− π+ π+ 

t =
mD

~d · ~p
(|~p|2c)

<latexit sha1_base64="D3zUzvcY1304+8IPwnsKMIhnIRU=">AAACGHicbZDLSgMxFIYzXmu9VV26CRahbupMEXQjFHXhsoK9QGcsmUymDc1cSM4UyrSP4cZXceNCEbfd+Tam7Sy09YfAl/+cQ3J+NxZcgWl+Gyura+sbm7mt/PbO7t5+4eCwoaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKbbv53WmwMmFY/CRxjGzAlIN+Q+pwS01Smcw7XtS0LToHNnDxjFHrapFwGeXeJxWhrNafRUwfRs3CkUzbI5E14GK4MiylTrFCa2F9EkYCFQQZRqW2YMTkokcCrYOG8nisWE9kmXtTWGJGDKSWeLjfGpdjzsR1KfEPDM/T2RkkCpYeDqzoBATy3WpuZ/tXYC/pWT8jBOgIV0/pCfCAwRnqaEPS4ZBTHUQKjk+q+Y9ojOCXSWeR2CtbjyMjQqZcssWw8XxepNFkcOHaMTVEIWukRVdI9qqI4oekav6B19GC/Gm/FpfM1bV4xs5gj9kTH5AT+xnz4=</latexit><latexit sha1_base64="D3zUzvcY1304+8IPwnsKMIhnIRU=">AAACGHicbZDLSgMxFIYzXmu9VV26CRahbupMEXQjFHXhsoK9QGcsmUymDc1cSM4UyrSP4cZXceNCEbfd+Tam7Sy09YfAl/+cQ3J+NxZcgWl+Gyura+sbm7mt/PbO7t5+4eCwoaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKbbv53WmwMmFY/CRxjGzAlIN+Q+pwS01Smcw7XtS0LToHNnDxjFHrapFwGeXeJxWhrNafRUwfRs3CkUzbI5E14GK4MiylTrFCa2F9EkYCFQQZRqW2YMTkokcCrYOG8nisWE9kmXtTWGJGDKSWeLjfGpdjzsR1KfEPDM/T2RkkCpYeDqzoBATy3WpuZ/tXYC/pWT8jBOgIV0/pCfCAwRnqaEPS4ZBTHUQKjk+q+Y9ojOCXSWeR2CtbjyMjQqZcssWw8XxepNFkcOHaMTVEIWukRVdI9qqI4oekav6B19GC/Gm/FpfM1bV4xs5gj9kTH5AT+xnz4=</latexit><latexit sha1_base64="D3zUzvcY1304+8IPwnsKMIhnIRU=">AAACGHicbZDLSgMxFIYzXmu9VV26CRahbupMEXQjFHXhsoK9QGcsmUymDc1cSM4UyrSP4cZXceNCEbfd+Tam7Sy09YfAl/+cQ3J+NxZcgWl+Gyura+sbm7mt/PbO7t5+4eCwoaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKbbv53WmwMmFY/CRxjGzAlIN+Q+pwS01Smcw7XtS0LToHNnDxjFHrapFwGeXeJxWhrNafRUwfRs3CkUzbI5E14GK4MiylTrFCa2F9EkYCFQQZRqW2YMTkokcCrYOG8nisWE9kmXtTWGJGDKSWeLjfGpdjzsR1KfEPDM/T2RkkCpYeDqzoBATy3WpuZ/tXYC/pWT8jBOgIV0/pCfCAwRnqaEPS4ZBTHUQKjk+q+Y9ojOCXSWeR2CtbjyMjQqZcssWw8XxepNFkcOHaMTVEIWukRVdI9qqI4oekav6B19GC/Gm/FpfM1bV4xs5gj9kTH5AT+xnz4=</latexit><latexit sha1_base64="D3zUzvcY1304+8IPwnsKMIhnIRU=">AAACGHicbZDLSgMxFIYzXmu9VV26CRahbupMEXQjFHXhsoK9QGcsmUymDc1cSM4UyrSP4cZXceNCEbfd+Tam7Sy09YfAl/+cQ3J+NxZcgWl+Gyura+sbm7mt/PbO7t5+4eCwoaJEUlankYhkyyWKCR6yOnAQrBVLRgJXsKbbv53WmwMmFY/CRxjGzAlIN+Q+pwS01Smcw7XtS0LToHNnDxjFHrapFwGeXeJxWhrNafRUwfRs3CkUzbI5E14GK4MiylTrFCa2F9EkYCFQQZRqW2YMTkokcCrYOG8nisWE9kmXtTWGJGDKSWeLjfGpdjzsR1KfEPDM/T2RkkCpYeDqzoBATy3WpuZ/tXYC/pWT8jBOgIV0/pCfCAwRnqaEPS4ZBTHUQKjk+q+Y9ojOCXSWeR2CtbjyMjQqZcssWw8XxepNFkcOHaMTVEIWukRVdI9qqI4oekav6B19GC/Gm/FpfM1bV4xs5gj9kTH5AT+xnz4=</latexit>

Belle II decay time resolution 
nearly twice as better as Belle's

https://arxiv.org/abs/1405.3601
https://arxiv.org/abs/hep-ex/0203037
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Belle D0 and D+ Lifetime Measurements
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5

at least 20 hits in the CDC, and be identified as a pion
or kaon. Low-momentum pion candidates are tracks con-
sistent with originating from the interaction region that
have at least one hit in the SVD and at least one hit
in the CDC. They are combined with D0 candidates to
form D⇤+ ! D0⇡+ decays. A global decay-chain ver-
tex fit [21] constrains the tracks according to the decay
topology and constrains the D⇤+ candidate to originate
from the measured position of the e+e� interaction re-
gion (IR). Only candidates with fit �2 probabilities larger
than 0.01 are retained for further analysis. The IR has
typical dimensions of 250µm along z and of 10µm and
0.3µm in the transverse plane. Its position and size
vary over data-taking and are regularly measured using
e+e� ! µ+µ� events. The mass of the D0 candidate,
m(K�⇡+), must be in the range [1.75, 2.00]GeV/c2. The
di↵erence between the D⇤+- and D0-candidate masses,
�m, must satisfy 144.94 < �m < 145.90MeV/c2 (±3
times the �m resolution around the peak of the sig-
nal distribution). Since the D0 is assumed to originate
from the IR, charmed mesons originating from displaced
decays of bottom mesons would bias the lifetime mea-
surement. They are suppressed to a negligible rate by
requiring that the momentum of the D⇤+ in the e+e�

center-of-mass system exceeds 2.5GeV/c. After requir-
ing 1.851 < m(K�⇡+) < 1.878GeV/c2 (signal region),
multiple D⇤+ candidates occur in a few per mille of the
selected events. In such events, one randomly selected
candidate is retained for subsequent analysis.

The signal region contains approximately 171 ⇥ 103

candidates with a signal purity of about 99.8%, as deter-
mined from a binned least-squares fit to the m(K�⇡+)
distribution (Fig. 1). In the fit, the D0 ! K�⇡+ signal
is modeled with the sum of two Gaussian distributions
and a Crystal-Ball function [22]; misidentified decays of
D0 ! ⇡+⇡� and D0 ! K+K�, each modeled with a
Johnson’s SU distribution [23] with parameters deter-
mined from simulation, do not enter the signal region;
the remaining background, modeled with an exponential
distribution, is dominated by candidates formed by ran-
dom combinations of particles.

The selection of the D⇤+ ! D+(! K�⇡+⇡+)⇡0 can-
didates follows similar criteria to those for the D0 mode,
but with more stringent requirements to suppress a larger
background contamination. Candidate kaons and pions
are required to have a hit in the first layer of the PXD,
at least one hit in the SVD, and at least 30 hits in the
CDC. They are combined to formD+ ! K�⇡+⇡+ candi-
dates. To suppress backgrounds from misreconstructed
charmed-hadron decays, such as four-body hadronic or
semileptonic decays, the lower-momentum pion must
have momentum exceeding 350MeV/c and the higher-
momentum pion must not be identified as a lepton. Can-
didate ⇡0 ! �� decays are reconstructed using pho-
ton candidates from calorimetric energy clusters that
are not associated with a track. Each photon energy
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Figure 1: Mass distributions of (top) D0 ! K�⇡+ and (bot-
tom) D+ ! K�⇡+⇡+ candidates with fit projections over-
laid. The vertical dashed and (for the bottom plot) dotted
lines indicate the signal regions and the sideband, respectively.

must be larger than 80, 30, or 60MeV if detected in
the forward, central, or backward region, respectively,
of the calorimeter. Neutral-pion candidates with masses
in the range [120, 145]MeV/c2 and momenta larger than
150MeV/c are combined with D+ candidates to form
D⇤+ ! D+⇡0 decays. The D⇤+ decay chain is fit us-
ing IR and ⇡0-mass constraints. Only candidates with
fit �2 probabilities larger than 0.01 are retained. The
mass of the D+ candidate, m(K�⇡+⇡+), must be in the
range [1.75, 2.00]GeV/c2 and the di↵erence between the
D⇤+ and D+ masses in the range [138, 143]MeV/c2 (±3
times the �m resolution around the peak of the signal
distribution). The momentum of the D⇤+ in the e+e�

center-of-mass system must exceed 2.6GeV/c to suppress
D⇤+ candidates from bottom mesons. This requirement
is tighter than that used for D0 candidates because of
the less-precise ⇡0-momentum resolution.

The signal region in m(K�⇡+⇡+) is defined as
[1.855, 1.883]GeV/c2 (Fig. 1). It contains approximately
59 ⇥ 103 candidates after randomly selecting one D⇤+

candidate for the percent-level fraction of events where
more than one is found. A binned least-squares fit to
the m(K�⇡+⇡+) distribution identifies about 9% of can-
didates in the signal region as background. Simulation
shows that such background is composed of misrecon-
structed charmed decays and random track combina-
tions. In the fit, the D+ ! K�⇡+⇡+ signal is mod-
eled with the sum of two Gaussian distributions and a
Crystal-Ball function; the background is modeled with
an exponential distribution.

6

The lifetimes are determined using unbinned
maximum-likelihood fits to the (t,�t) distributions
of the candidates populating the signal regions. Each
signal probability-density function (PDF) is the con-
volution of an exponential distribution in t with a
resolution function that depends on �t, multiplied by
the PDF of �t. In the D+ case, simulation shows
that a Gaussian distribution is su�cient to model the
resolution function. The mean of the resolution function
is allowed to float in the fit to account for a possible
bias in the determination of the decay time; the width
is the per-candidate �t scaled by a free parameter s to
account for a possible misestimation of the decay-time
uncertainty. In the D0 case, an additional Gaussian
distribution is needed to describe the 3% of candidates
with poorer resolution. This second component shares
its mean with the principal component but has its own
free scaling parameter for the broader width.

In the D0 case, the signal region contains a per-mille-
level fraction of background candidates. Sensitivity to
the background contamination and its e↵ects on the
decay-time distribution is very limited. For the sake
of simplicity, the background is neglected in the fit and
a systematic uncertainty is later assigned. In the D+

case, the signal region contains a non-negligible amount
of background, which is accounted for in the fit. The
background is modeled using data with m(K�⇡+⇡+) in
the sideband [1.758, 1.814][[1.936, 1.992]GeV/c2 (Fig. 1),
which is assumed to contain exclusively background can-
didates and be representative of the background in the
signal region, as verified in simulation. The background
PDF consists of a zero-lifetime component and two expo-
nential components, all convolved with a Gaussian res-
olution function having a free mean and a width cor-
responding to s�t. To better constrain the background
parameters, a simultaneous fit to the candidates in the
signal region and sideband is performed. The back-
ground fraction is Gaussian-constrained in the fit to
(8.78± 0.05)%, as measured in the m(K�⇡+⇡+) fit.

The PDF of �t is a histogram template derived di-
rectly from the data. In the fit to the D0 sample, the
template is derived assuming that all candidates in the
signal region are signal decays. In the fit to the D+ sam-
ple, the template is derived from the candidates in the
signal region by subtracting the scaled distribution of the
sideband data. The PDF of �t for the background is ob-
tained directly from the sideband data.

The lifetime fits are tested on fully simulated data and
on sets of data generated by randomly sampling the PDF
with parameters fixed to the values found in the fits to
the data. All tests yield unbiased results and expected
parameter uncertainties, independent of the assumed val-
ues of the D0 and D+ lifetimes.

The decay-time distributions of the data, with fit pro-
jections overlaid, are shown in Fig. 2. The D0 and
D+ lifetimes are measured to be 410.5 ± 1.1 (stat) ±
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Figure 2: Decay-time distributions of (top) D0 ! K�⇡+

and (bottom) D+ ! K�⇡+⇡+ candidates in their respective
signal regions with fit projections overlaid.

Table I: Systematic uncertainties.

Source ⌧(D0) [fs] ⌧(D+) [fs]
Resolution model 0.16 0.39
Backgrounds 0.24 2.52
Detector alignment 0.72 1.70
Momentum scale 0.19 0.48
Total 0.80 3.10

0.8 (syst) fs and 1030.4± 4.7 (stat)± 3.1 (syst) fs, respec-
tively, consistent with their world averages [7]. The sys-
tematic uncertainties arise from the sources listed in Ta-
ble I and described below. The total systematic uncer-
tainty is the sum in quadrature of the individual compo-
nents.

The decay time and decay-time uncertainty are ob-
served to be correlated in data and simulation reproduces
these e↵ects well. The dominant e↵ect is that small �t

values correspond to larger true decay times (and vice
versa). These correlations, when neglected in the fits, re-
sult in an imperfect description of the t distribution as a
function of �t. To quantify the impact on the results, our
model that neglects the correlations is fit to 1000 samples
of signal-only simulated decays, each the same size as the
data. The samples are obtained by resampling, with rep-
etition, a set of simulated e+e� collisions corresponding
to an integrated luminosity of 500 fb�1. Upper bounds
of 0.16 fs and 0.39 fs on the average absolute deviations
of the measured lifetimes from their true values are de-
rived and assigned as the systematic uncertainty due to
the imperfect resolution model for the D0 ! K�⇡+ and

arXiv: 2108.03216 accepted by PRL 

                       Belle II              World Average Value 
         
τ(D0) = (410.5 ± 1.1 ± 0.8) fs       (410.1 ± 1.5) fs 

τ(D+) = (1030.4 ± 4.7 ± 3.1) fs       (1040 ± 7) fs

6

The lifetimes are determined using unbinned
maximum-likelihood fits to the (t,�t) distributions
of the candidates populating the signal regions. Each
signal probability-density function (PDF) is the con-
volution of an exponential distribution in t with a
resolution function that depends on �t, multiplied by
the PDF of �t. In the D+ case, simulation shows
that a Gaussian distribution is su�cient to model the
resolution function. The mean of the resolution function
is allowed to float in the fit to account for a possible
bias in the determination of the decay time; the width
is the per-candidate �t scaled by a free parameter s to
account for a possible misestimation of the decay-time
uncertainty. In the D0 case, an additional Gaussian
distribution is needed to describe the 3% of candidates
with poorer resolution. This second component shares
its mean with the principal component but has its own
free scaling parameter for the broader width.

In the D0 case, the signal region contains a per-mille-
level fraction of background candidates. Sensitivity to
the background contamination and its e↵ects on the
decay-time distribution is very limited. For the sake
of simplicity, the background is neglected in the fit and
a systematic uncertainty is later assigned. In the D+

case, the signal region contains a non-negligible amount
of background, which is accounted for in the fit. The
background is modeled using data with m(K�⇡+⇡+) in
the sideband [1.758, 1.814][[1.936, 1.992]GeV/c2 (Fig. 1),
which is assumed to contain exclusively background can-
didates and be representative of the background in the
signal region, as verified in simulation. The background
PDF consists of a zero-lifetime component and two expo-
nential components, all convolved with a Gaussian res-
olution function having a free mean and a width cor-
responding to s�t. To better constrain the background
parameters, a simultaneous fit to the candidates in the
signal region and sideband is performed. The back-
ground fraction is Gaussian-constrained in the fit to
(8.78± 0.05)%, as measured in the m(K�⇡+⇡+) fit.

The PDF of �t is a histogram template derived di-
rectly from the data. In the fit to the D0 sample, the
template is derived assuming that all candidates in the
signal region are signal decays. In the fit to the D+ sam-
ple, the template is derived from the candidates in the
signal region by subtracting the scaled distribution of the
sideband data. The PDF of �t for the background is ob-
tained directly from the sideband data.

The lifetime fits are tested on fully simulated data and
on sets of data generated by randomly sampling the PDF
with parameters fixed to the values found in the fits to
the data. All tests yield unbiased results and expected
parameter uncertainties, independent of the assumed val-
ues of the D0 and D+ lifetimes.

The decay-time distributions of the data, with fit pro-
jections overlaid, are shown in Fig. 2. The D0 and
D+ lifetimes are measured to be 410.5 ± 1.1 (stat) ±
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Figure 2: Decay-time distributions of (top) D0 ! K�⇡+

and (bottom) D+ ! K�⇡+⇡+ candidates in their respective
signal regions with fit projections overlaid.

Table I: Systematic uncertainties.

Source ⌧(D0) [fs] ⌧(D+) [fs]
Resolution model 0.16 0.39
Backgrounds 0.24 2.52
Detector alignment 0.72 1.70
Momentum scale 0.19 0.48
Total 0.80 3.10

0.8 (syst) fs and 1030.4± 4.7 (stat)± 3.1 (syst) fs, respec-
tively, consistent with their world averages [7]. The sys-
tematic uncertainties arise from the sources listed in Ta-
ble I and described below. The total systematic uncer-
tainty is the sum in quadrature of the individual compo-
nents.

The decay time and decay-time uncertainty are ob-
served to be correlated in data and simulation reproduces
these e↵ects well. The dominant e↵ect is that small �t

values correspond to larger true decay times (and vice
versa). These correlations, when neglected in the fits, re-
sult in an imperfect description of the t distribution as a
function of �t. To quantify the impact on the results, our
model that neglects the correlations is fit to 1000 samples
of signal-only simulated decays, each the same size as the
data. The samples are obtained by resampling, with rep-
etition, a set of simulated e+e� collisions corresponding
to an integrated luminosity of 500 fb�1. Upper bounds
of 0.16 fs and 0.39 fs on the average absolute deviations
of the measured lifetimes from their true values are de-
rived and assigned as the systematic uncertainty due to
the imperfect resolution model for the D0 ! K�⇡+ and

Systematic Uncertainties

Demonstration of excellent vertexing capabilities of Belle II.

D0 → K−π+

D0 → K−π+

D+ → K− π+ π+ D+ → K− π+ π+ • Still limited by statistical uncertainty. 
• The dominant systematics: from the 

detector alignment, and background 
modeling (for the D+ only).

Our results are consistent with, and more 
precise than, the World Average!
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Belle II ∫Ldt = 72 fb−1

https://arxiv.org/abs/2108.03216
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BelleFirst Belle II Measurements of B→J/ψ KL and B→η′K 
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from the e+e� ! cc̄ generic sample nor the o↵-resonance data survive the analysis selection
cuts.

We parameterize the background with an Argus PDF [9] for the combinatorial part and a
CB PDF to describe a possible peaking component, which according to the simulation could
be expected mainly from B ! J/ K⇤0 and B ! J/ K⇤+ decays.

The fraction of the peaking component in the background is determined from fits to
the �E distributions of generic MC events (in which B0 ! J/ K0

L events are excluded
from the B0B0 sample). We find the peaking background fraction fpeak = (0.4± 3.1)% and
fpeak = (0.0± 3.1)% in the J/ ! µ+µ� and J/ ! e+e� final states, respectively.

In order to rely on MC simulations as little as possible, we estimate the fake J/ and fake
K0

L backgrounds directly from data. Wrongly reconstructed J/ candidates can be estimated
using the J/ mass sidebands, while fake K0

L mesons are estimated using an “anti-selection”
of K0

L clusters, with the requirements Nlayers = 1, klongID < 0.05.

VI. RESULTS

We determine the number of signal and background B0 ! J/ K0
L events with an un-

binned ML fit to our 62.8 fb�1 dataset in the �E interval [�20,+80]MeV, as shown in
Figure 4. The background shape parameters determined in the background control sample
are fixed in the fit, as well as the peaking background fraction estimated in the fit of the
simulated background events. The signal shape parameters are used as starting values in
the fit, but to minimize the dependence on MC the sigma and mean of the CB are left
free in the fit. Finally, to extract the number of signal and background events, we also
float the relative normalization of the signal and background distributions. The results are
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FIG. 4. �E distribution of B0 ! J/ K0
L candidate events for J/ ! µ+µ� final states (left) and

J/ ! e+e� final states (right) for a dataset corresponding to a luminosity of 62.8± 0.6 fb�1. The

results of the unbinned ML fit are superimposed.

Nsig(µ+µ�) = 267± 21, Nsig(e+e�) = 226± 20.
A thorough evaluation of the systematics uncertainties has not been performed yet. How-

ever, since we expect the one related to the peaking background to be relatively large, we

12

J/ψ→µ+µ−

ΔE = EB −EBEAM
Energy 

difference:

Belle II ∫Ldt = 62.8 fb−1

simulation, as well as on o↵-resonance data. The results, reported in Table 3, are in good
agreement with world averages [9]. The signal yield per 106 BB is similar to that reported
by BaBar [5], and almost a factor two larger that that of Belle [4], partially thanks to the
absence of selection on continuum suppression variable. The next step will be to use the
future large data sample collected at Belle II for a full time dependent CP violation analysis.

TABLE 3. Summary of results on branching ratios obtained in this analysis, and comparison with
world averages.

This analysis World average [9]

Channel B (⇥106)

B± ! ⌘0K 63.4 +3.4
�3.3(stat)± 3.4(syst) 70.4± 2.5

B0 ! ⌘0K0 59.9 +5.8
�5.5(stat)± 2.7(syst) 66± 4
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• Next: precise measurement of B0 
lifetime and mixing frequency.

• Next: to use the future large data sample 
collected at Belle II for a full time 
dependent CP violation analysis.

 B→J/ψ KL B→η′K 

Mbc = EBEAM
2 − !pB

2Beam-constrained 
mass:

[arXiV:2106.13547]
[arXiv:2104.06224]

https://arxiv.org/abs/2106.13547
https://arxiv.org/abs/2104.06224
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Belle Towards Belle II Measurement of ϕ2(=α)
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• Accessible via b→u transitions, but b→d penguin diagrams contribute significantly. 
• Penguin pollution from an isospin analysis of B →ππ and B →ρρ.

B0 →π0π0  
• Unique to Belle II : four photons in the final state. 
• Dedicated MVA for optimized photon selection. 
• Dominant background is coming from continuum π0. 

• Suppressed with another MVA.

B(B0 ! ⇡0⇡0) = [0.98+0.48
�0.39(stat)± 0.27(syst)]⇥ 10�6

<latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit>

[arXiv:2107.02373]

B+ →ρ+ρ0 
• pion only (π+π0)(π+π−) final state. 
• Large background because of broad ρ mass width. 
• 6D fit including helicity angles.

B(B+ ! ⇢+⇢0) = [20.6± 3.2(stat)± 4.0(syst)]⇥ 10�6

fL(B
+ ! ⇢+⇢0) = 0.936+0.049

�0.041(stat)± 0.021(syst)
<latexit sha1_base64="t3D8ONNwyucCjpcnhofORqkImgQ="></latexit><latexit sha1_base64="t3D8ONNwyucCjpcnhofORqkImgQ="></latexit><latexit sha1_base64="t3D8ONNwyucCjpcnhofORqkImgQ="></latexit><latexit sha1_base64="t3D8ONNwyucCjpcnhofORqkImgQ="></latexit>

• 20% better precision than Belle on 78 fb−1 [PRL 91, 221801 (2003)].
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FIG. 4. Distributions of �E (top), Mbc (middle), and Tc (bottom) for B0 ! ⇡0⇡0 reconstructed in
2019–2020 Belle II data. The distributions are shown in signal-enriched regions of 5.275 < Mbc <
5.285GeV/c2 and �1 < Tc < 2 for �E, �0.1 < �E < 0.05GeV and �1 < Tc < 2 for Mbc and
5.275 < Mbc < 5.285GeV/c2 and �0.1 < �E < 0.05GeV for Tc. Fit projections are overlaid.
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S = �⇠f
p

1�A2sin2�eff
2

<latexit sha1_base64="7qGlKgSaiwaLLsg/CRNcSP+u6RQ="></latexit><latexit sha1_base64="7qGlKgSaiwaLLsg/CRNcSP+u6RQ="></latexit><latexit sha1_base64="7qGlKgSaiwaLLsg/CRNcSP+u6RQ="></latexit><latexit sha1_base64="7qGlKgSaiwaLLsg/CRNcSP+u6RQ="></latexit>

�eff
2 = �2 ���2
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[arXiv:2109.11456]

Belle II ∫Ldt = 62.8 fb−1

https://arxiv.org/abs/2107.02373
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.221801
https://arxiv.org/abs/2109.11456
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Belle ϕ3(=𝜸) Extraction on the Combined (Belle and Belle II) Data Set

)
)

)

�3(�)
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�1(�)
<latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit>

⌘
<latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit>

⇢
<latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit>

VtdV
⇤
tb

<latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit>

VudV
⇤
ub

<latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit>

VcdV
⇤
cb
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rB : magnitude of the ratio of amplitudes 
δB : strong phase difference

•  “Golden” mode: B−→D0(→K0s h+h −) K−

Asuppr.(B� ! D0K�)

Afavor.(B� ! D0K�)
= rBe

i(�B+�3)

<latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit>

The first Belle and Belle II combined model-independent measurement of ϕ3
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Belle  (∫Ldt = 711 fb−1) Belle II (∫Ldt = 128 fb−1)

• BPGGSZ model-independent approach
[Phys. Rev. D 68, 054018 ]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
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Belle ϕ3(=𝜸) Extraction on the Combined (Belle and Belle II) Data Set

"11

the appropriate statistical coverage. We also find that the uncertainties on measured CP-
violating parameters in data lie within the distribution of uncertainties generated by the
simplified-simulated experiments.

8 Determination of �3, rDK
B and �DK

B

The parameters obtained from the fit are

xDK
� = ( 9.24± 3.27± 0.17± 0.23)⇥ 10�2,

yDK
� = ( 10.00± 4.20± 0.23± 0.67)⇥ 10�2,

xDK
+ = (�11.28± 3.15± 0.18± 0.22)⇥ 10�2,

yDK
+ = ( �4.55± 4.20± 0.11± 0.55)⇥ 10�2,

xD⇡
⇠ = (�11.09± 4.75± 0.51± 0.73)⇥ 10�2,

yD⇡
⇠ = ( �7.90± 5.44± 0.19± 0.82)⇥ 10�2,

(8.1)

where the first uncertainty is statistical, the second is the total experimental systematic
uncertainty, and the third is the systematic uncertainty due to the external strong-phase
difference inputs [16, 17].

The parameters �3, rDK
B and �DK

B are determined from xDK
± and yDK

± , using a fre-
quentist approach implemented in the GammaCombo package [53]. Generally, there is a
two-fold ambiguity in the results of these physics parameters as Eqs. (2.3) are invariant
under the simultaneous substitutions of �3 = �3+180� and �B = �B +180�. We choose the
solution in the range 0� < �3 < 180�, which is favoured by other measurements [5]. The
results are

�3 = (78.4± 11.4± 0.5± 1.0)� ,

rDK
B = 0.129± 0.024± 0.001± 0.002,

�DK
B = (124.8± 12.9± 0.5± 1.7)� .

(8.2)

The statistical confidence intervals for �3 and rDK
B are illustrated in Fig. 10, while Fig. 11

shows the two-dimensional statistical confidence regions obtained for the (�3, rDK
B ) and

(�3, �B) parameter combinations. The �3 result is consistent with the previous Belle anal-
ysis [20] but the statistical precision on �3 is improved from 15� due to improved K0

S

reconstruction and background suppression. The uncertainty related to strong-phase in-
puts has also decreased from 4� because of the new measurements reported by the BESIII
collaboration [16, 17]. Furthermore, the experimental systematic uncertainty is decreased
from 4� primarily from the improved background suppression and the use of the B+ ! D⇡+

sample to determine the acceptance.

9 Conclusion

The results of the first Belle and Belle II combined model-independent measurement of the
CKM unitarity triangle angle �3 are presented. The analysis uses B+ ! D(K0

Sh
�h+)h+

– 20 –

[arXiv.2110.12125]  
submitted to JHEP

• Statistical uncertainty on ϕ3 improved by 4° over Belle.  

• Experimental systematics reduced from 4° to 0.5°. 

• Input-related systematic reduced from 4° to 1° due to recent 
values provided by BESIII. 

• Future analysis corresponding to 10 ab−1 will provide 
measurements with a precision of ~4° or so.

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

�3 = (77.3+15.1
�14.9 ± 4.1± 4.3)

<latexit sha1_base64="b5hms/KeqDGv1N2KZfmyy12vObQ=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUpMPEVqoLoejGZQX7gM44ZNK0Dc08SDJCGfoVbvwVNy4UcSvu/BvTdhbaeuByD+fcS3KPF3EmlWV9G5ml5ZXVtex6bmNza3snv7vXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1veD3xWw9USBYGd2oUUcfH/YD1GMFKS26+ZEcD5pYvi9WqWb5PTtCZicZuUkIV82IM7ciHFROlvXzs5guWaU0BFwlKSQGkqLv5L7sbktingSIcS9lBVqScBAvFCKfjnB1LGmEyxH3a0TTAPpVOMj1rDI+00oW9UOgKFJyqvzcS7Es58j096WM1kPPeRPzP68Sqd+4kLIhiRQMye6gXc6hCOMkIdpmgRPGRJpgIpv8KyQALTJROMqdDQPMnL5LmqYksE91WCrWrNI4sOACHoAgQqIIauAF10AAEPIJn8ArejCfjxXg3PmajGSPd2Qd/YHz+ALGOmqk=</latexit><latexit sha1_base64="b5hms/KeqDGv1N2KZfmyy12vObQ=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUpMPEVqoLoejGZQX7gM44ZNK0Dc08SDJCGfoVbvwVNy4UcSvu/BvTdhbaeuByD+fcS3KPF3EmlWV9G5ml5ZXVtex6bmNza3snv7vXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1veD3xWw9USBYGd2oUUcfH/YD1GMFKS26+ZEcD5pYvi9WqWb5PTtCZicZuUkIV82IM7ciHFROlvXzs5guWaU0BFwlKSQGkqLv5L7sbktingSIcS9lBVqScBAvFCKfjnB1LGmEyxH3a0TTAPpVOMj1rDI+00oW9UOgKFJyqvzcS7Es58j096WM1kPPeRPzP68Sqd+4kLIhiRQMye6gXc6hCOMkIdpmgRPGRJpgIpv8KyQALTJROMqdDQPMnL5LmqYksE91WCrWrNI4sOACHoAgQqIIauAF10AAEPIJn8ArejCfjxXg3PmajGSPd2Qd/YHz+ALGOmqk=</latexit><latexit sha1_base64="b5hms/KeqDGv1N2KZfmyy12vObQ=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUpMPEVqoLoejGZQX7gM44ZNK0Dc08SDJCGfoVbvwVNy4UcSvu/BvTdhbaeuByD+fcS3KPF3EmlWV9G5ml5ZXVtex6bmNza3snv7vXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1veD3xWw9USBYGd2oUUcfH/YD1GMFKS26+ZEcD5pYvi9WqWb5PTtCZicZuUkIV82IM7ciHFROlvXzs5guWaU0BFwlKSQGkqLv5L7sbktingSIcS9lBVqScBAvFCKfjnB1LGmEyxH3a0TTAPpVOMj1rDI+00oW9UOgKFJyqvzcS7Es58j096WM1kPPeRPzP68Sqd+4kLIhiRQMye6gXc6hCOMkIdpmgRPGRJpgIpv8KyQALTJROMqdDQPMnL5LmqYksE91WCrWrNI4sOACHoAgQqIIauAF10AAEPIJn8ArejCfjxXg3PmajGSPd2Qd/YHz+ALGOmqk=</latexit><latexit sha1_base64="b5hms/KeqDGv1N2KZfmyy12vObQ=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUpMPEVqoLoejGZQX7gM44ZNK0Dc08SDJCGfoVbvwVNy4UcSvu/BvTdhbaeuByD+fcS3KPF3EmlWV9G5ml5ZXVtex6bmNza3snv7vXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1veD3xWw9USBYGd2oUUcfH/YD1GMFKS26+ZEcD5pYvi9WqWb5PTtCZicZuUkIV82IM7ciHFROlvXzs5guWaU0BFwlKSQGkqLv5L7sbktingSIcS9lBVqScBAvFCKfjnB1LGmEyxH3a0TTAPpVOMj1rDI+00oW9UOgKFJyqvzcS7Es58j096WM1kPPeRPzP68Sqd+4kLIhiRQMye6gXc6hCOMkIdpmgRPGRJpgIpv8KyQALTJROMqdDQPMnL5LmqYksE91WCrWrNI4sOACHoAgQqIIauAF10AAEPIJn8ArejCfjxXg3PmajGSPd2Qd/YHz+ALGOmqk=</latexit>

°
Belle previous analysis with 711 fb−1 : [Phys. Rev. D 85, (2012) 112014]

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

http://arxiv.org/abs/2110.12125
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Belle First Belle II Measurement of B0→K0π0 
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• Striking difference between the direct CP asymmetries of B0 → K+ π−  and B+→K+ π0 (ΔACP = 0.115 ± 0.014). 

• The isospin sum rule test: a sensitive null-test. [PLB 627, 82 (2005)]

each r-bin interval, the wrong tag fractions (wr) and tagging e�ciencies (✏r) are determined
in control samples reconstructed in 2019 Belle II data [16] and constrained using Gaussian
likelihoods in our fit. Systematic uncertainties are associated by varying the parameters from
the control decay mode in the fit to the signal decay. The asymmetry AK

0
⇡

0 is determined
from a simultaneous maximum-likelihood fit to the unbinned Mbc-�E-q distributions with
signal-to-background fractions constrained by the yield fit of Sec. 5. The signal probability
density function (PDF) of q is the integral of the known B0 ! K0⇡0 decay-time evolution [17]

Psig(q) =
1

2
(1 + q · (1 � 2wr) · (1 � 2�d)AK

0
⇡

0)
(4)

with the time-integrated mixing parameter �d set to its known value �d = 0.1858 ±
0.0011 [10]. We assume the background from charmless B decays to be flavor symmet-
ric as well as the continuum sample. The resulting asymmetry is AK

0
⇡

0 = �0.40+0.46
�0.44, where

the uncertainty includes only the statistical contribution. In Fig. 3, the results of the fit on
well-tagged events are displayed separately in Mbc and �E projections.
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FIG. 3. Flavor-specific (Mbc, �E) projections on 2019-2020 Belle II data. The top panel shows
candidates where Btag is tagged as a B̄0 (signal-side: B0) and the bottom panel for candidates
where Btag is tagged as a B0 (signal-side: B0). The distribution and fit are integrated over r-bin
in the good tag region 0.25  r  1 and in the signal region (left panel: �0.16 < �E < 0.08 GeV,
right panel: Mbc > 5.27 GeV/c2).
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At Belle II we can measure all the 
inputs of the equation. 
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FIG. 4. The projected uncertainty on IK⇡ with and without Belle II inputs. The inputs for IK⇡

are averages of the estimated updates from ongoing LHCb and Belle II experiments with current
world averages [10]. The red curve shows a projection when updates on the complete set of K⇡
measurements are considered, and the grey curve is the case if only A

K
+

⇡
� , A

K
+

⇡
0 , A

K
0
⇡

+ are
updated by LHCb. The projection corresponds to the luminosity plans from LHCb and Belle II.
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IK⇡ = AK+⇡� +AK0⇡+

B(K0⇡+)

B(K+⇡�)

⌧B0

⌧B+

� 2AK+⇡0

B(K+⇡0)

B(K+⇡�)

⌧B0

⌧B+

� 2AK0⇡0
B(K0⇡0)

B(K+⇡�)
<latexit sha1_base64="dDyLioibXxum8RfiFbcR3zmLKOM="></latexit><latexit sha1_base64="dDyLioibXxum8RfiFbcR3zmLKOM="></latexit><latexit sha1_base64="dDyLioibXxum8RfiFbcR3zmLKOM="></latexit><latexit sha1_base64="dDyLioibXxum8RfiFbcR3zmLKOM="></latexit>

[arXiv: 2104.14871]

B0

B0

AK0⇡0 = �0.40+0.46
�0.44(stat)± 0.04(syst), and

B(B0 ! K0⇡0) = [8.5+1.7
�1.6(stat)± 1.2(syst)]⇥ 10�6

<latexit sha1_base64="jKv9XSe+EsKPfGPo4lA03bBnuxI="></latexit><latexit sha1_base64="jKv9XSe+EsKPfGPo4lA03bBnuxI="></latexit><latexit sha1_base64="jKv9XSe+EsKPfGPo4lA03bBnuxI="></latexit><latexit sha1_base64="jKv9XSe+EsKPfGPo4lA03bBnuxI="></latexit>

Belle II ∫Ldt = 62.8 fb−1

tag

tag

https://arxiv.org/abs/2104.14871
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Belle Dark Sector Searches: Z’ → invisible
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December 15th 2020 A. Gaz 15

Dark Sector: Z’  invisible�
PRL 124, 141801 (2020)

● Probing simple extensions of the SM: among others, extra 

U(1)’, which gives rise to a Z’ boson that couples both to 

SM and NP (e.g. dark matter) particles;

● In this paper we search for the two signatures:

e
+
e

-
 → m+m- Z’, (Z’ → invis.)              e+

e
-
 → e

±m∓ Z’, (Z’ → invis.)

results below 3σ local significance in both the normal and
shifted-binning options [28]. A Bayesian procedure [29] is
used to compute 90% credibility level (C.L.) upper limits
on the standard Z0 cross section. We assume flat priors for
all positive values of the cross section, while Poissonian
likelihoods are assumed for the number of observed and
simulated events. Gaussian smearing is used to model the
systematic uncertainties. Results are cross-checked with
log-flat priors and with a frequentist procedure based on
the Feldman-Cousins approach [30] and are found to be

compatible in both cases [28]. Cross section results are
translated into 90% C.L. upper limits on the coupling
constant g0. These are shown in Fig. 3, where only values
g0 ≤ 1 are displayed. The observed upper limits for models
with BFðZ0 → invisibleÞ < 1 can be obtained by scaling
the light blue curve as 1=

ffiffiffiffiffiffi
BF

p
.

The final recoil mass spectrum of the e# μ∓ sample is
shown in Fig. 4, together with background simulations.
Again, no anomalies are observed above 3σ local signifi-
cance [28]. Model-independent 90% C.L. upper limits on
the LFV Z0 efficiency times cross section are computed
using the Bayesian procedure described above and cross-
checked with a frequentist Feldman-Cousins procedure
(Fig. 5). Additional plots and numerical results can be
found in the Supplemental Material [28].
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Dark Sector: Z’  invisible�
PRL 124, 141801 (2020)

● Probing simple extensions of the SM: among others, extra 

U(1)’, which gives rise to a Z’ boson that couples both to 

SM and NP (e.g. dark matter) particles;

● In this paper we search for the two signatures:

e
+
e

-
 → m+m- Z’, (Z’ → invis.)              e+

e
-
 → e

±m∓ Z’, (Z’ → invis.)

results below 3σ local significance in both the normal and
shifted-binning options [28]. A Bayesian procedure [29] is
used to compute 90% credibility level (C.L.) upper limits
on the standard Z0 cross section. We assume flat priors for
all positive values of the cross section, while Poissonian
likelihoods are assumed for the number of observed and
simulated events. Gaussian smearing is used to model the
systematic uncertainties. Results are cross-checked with
log-flat priors and with a frequentist procedure based on
the Feldman-Cousins approach [30] and are found to be

compatible in both cases [28]. Cross section results are
translated into 90% C.L. upper limits on the coupling
constant g0. These are shown in Fig. 3, where only values
g0 ≤ 1 are displayed. The observed upper limits for models
with BFðZ0 → invisibleÞ < 1 can be obtained by scaling
the light blue curve as 1=

ffiffiffiffiffiffi
BF

p
.

The final recoil mass spectrum of the e# μ∓ sample is
shown in Fig. 4, together with background simulations.
Again, no anomalies are observed above 3σ local signifi-
cance [28]. Model-independent 90% C.L. upper limits on
the LFV Z0 efficiency times cross section are computed
using the Bayesian procedure described above and cross-
checked with a frequentist Feldman-Cousins procedure
(Fig. 5). Additional plots and numerical results can be
found in the Supplemental Material [28].
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results below 3σ local significance in both the normal and
shifted-binning options [28]. A Bayesian procedure [29] is
used to compute 90% credibility level (C.L.) upper limits
on the standard Z0 cross section. We assume flat priors for
all positive values of the cross section, while Poissonian
likelihoods are assumed for the number of observed and
simulated events. Gaussian smearing is used to model the
systematic uncertainties. Results are cross-checked with
log-flat priors and with a frequentist procedure based on
the Feldman-Cousins approach [30] and are found to be

compatible in both cases [28]. Cross section results are
translated into 90% C.L. upper limits on the coupling
constant g0. These are shown in Fig. 3, where only values
g0 ≤ 1 are displayed. The observed upper limits for models
with BFðZ0 → invisibleÞ < 1 can be obtained by scaling
the light blue curve as 1=

ffiffiffiffiffiffi
BF

p
.

The final recoil mass spectrum of the e# μ∓ sample is
shown in Fig. 4, together with background simulations.
Again, no anomalies are observed above 3σ local signifi-
cance [28]. Model-independent 90% C.L. upper limits on
the LFV Z0 efficiency times cross section are computed
using the Bayesian procedure described above and cross-
checked with a frequentist Feldman-Cousins procedure
(Fig. 5). Additional plots and numerical results can be
found in the Supplemental Material [28].
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[PRL 124, 141801 (2020)]

Lµ − Lτ model 
(coupling only to 
the 2nd and 3rd 
lepton generation)

[Phy.Rev D89,113004 (2014) 
JHEP12(2016)106]

Z’ with LFV 
e−µ coupling

e+ e−→µ+ µ−Z’, (Z’ → invisible)

e+ e−→e± µ∓Z’, (Z’ → invisible)

• The first experiment to set limits on Z’ coupling, g’. Will soon probe the region interesting for the (g-2)µ anomaly. 

• No excess observed. The first experiment to set limits on cross-section for e+ e− → e± µ∓ + missing energy.

[JHEP05 (2017) 083, 
JHEP03 (2017) 064]

Searching in 0.276 fb−1 of commissioning data (April-July 2018)

model independent search

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
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[PRL 125, 161806 (2020)]

• Axion-Like Particles (ALPs) are pseudoscalars, a, which couple to SM bosons via ga𝛾Z and/or ga𝛾𝛾. 

Bell II focuses on ga𝛾𝛾.

New exclusions already with ~0.5 fb−1

candidate. We correct for the observed linear energy bias
that ranges from 0 (low energy) to 0.5% (high energy).
We vary the energy selection by !1% and the angular-
separation selection by the approximate position resolution
of !5 mrad, and take the respective full difference in the
signal selection efficiency with respect to the nominal
selection as a systematic uncertainty. We add these three
uncertainties in quadrature assuming no correlations
amongst them. The total relative uncertainty due to the
selection efficiency is approximately 5.5% for ALP masses
above 0.5 GeV=c2, and increases to approximately 8% for
the lightest ALP masses considered. As additional system-
atic checks we vary the photon-timing selection by !1 and
the shower-shape classifier selection by !5% to account
for possible between data and simulation samples, the
invariant mass Mγγγ selection by !0.002GeV=c2 to
account for uncertainties in the beam energy, and the
polar-angle-acceptance selection by propagating the effect
of a !2mm shift of the interaction point relative to the
calorimeter to account for maximal possible misalignment
of the ECL. For all of these checks, we find that they have a
negligible effect on the signal selection efficiency, so we do
not associate any systematic uncertainty with them.
We extract the signal yield as a function of ma by

performing a series of independent binned maximum-
likelihood fits. We use 100 bins for each fit range. The
fits are performed in the range 0.2< ma < 6.85 GeV=c2

for the M2
γγ spectrum, and in the range 6.85 < ma <

9.7GeV=c2 for the M2
recoil spectrum. The resolution of

M2
γγ worsens with increasing ma, while that of M2

recoil
improves with increasing ma (see Fig. 2). The transition
between M2

γγ and M2
recoil fits is determined as the point of

equal sensitivity obtained using background simulations.
The signal probability density function (PDF) has two

components: a peaking contribution from correctly recon-
structed signal photons and a combinatorial-background
contribution from the other two combinations of photons.
We model the peaking contribution using a Crystal Ball
(CB) function [29]. The mass-dependent CB parameters
used in the fits to data are fixed to those obtained by fitting
simulated events. For the simulated M2

recoil distribution, the
CB mean is found to be unbiased. For the simulated M2

γγ

distribution, we observe a linear bias of the CB mean of
about 0.5% resulting from the combination of two photons
with asymmetric reconstructed-energy distributions. This
bias is determined to have negligible impact on the signal
yield and mass determination; therefore, no attempt to
correct for it is made. Combinatorial-background contri-
butions from the wrong combinations of photons in signal
events are taken into account by adding a mass-dependent,
one-dimensional, smoothed kernel density estimation
(KDE) [30] PDF obtained from signal simulation. The fits
are performed in steps ofma that correspond to half the CB
width (σCB) for the respective squared mass. This results in

FIG. 2. M2
γγ and M2

recoil resolutions with uncertainty as a
function of ALP mass ma. The inset shows an enlargement of
the low-mass region ma < 1 GeV=c2.

(a)

(b)

FIG. 1. M2
recoil distribution (a) and M2

γγ distribution (b) together
with the stacked contributions from the different simulated SM
background samples. For M2≤ 16 GeV2=c4, the selection is
Eγ > 1.0 GeV; for M2> 16 GeV2=c4, it is Eγ > 0.65 GeV.
Simulation is normalized to luminosity. The inset in (b) shows
an enlargement of the low-mass region M2

γγ < 1 GeV2=c4.

PHYSICAL REVIEW LETTERS 125, 161806 (2020)

161806-6

• A signal would be identified by a peak in the diphoton invariant 

mass (M2𝛾𝛾 ) (better for ALP masses < 6.5 GeV), or in the recoil 

invariant mass (M2recoil ) (better for ALP masses > 6.5 GeV). 

• No significant excess seen, limits set on ALP coupling to photons.

Searching in 0.445 fb−1 of commissioning data (April-July 2018)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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• SuperKEKB has achieved Lpeak = 3.1 x 1034 cm−2 s−1, the world record on June 22nd. 

• Despite the pandemic, Belle II collected up to 12 fb−1 per week. 

• Belle II has a very diverse and exciting physics program [The Belle II Physics Book Prog.Theor. 
Exp.Phys.2019,123C01 arXiv:18-8:10567]. 

• We have already world leading results on the first Dark Sector searches and on the 
D0/D+ charm lifetimes. 

• More charm lifetime measurements (ΛC, Ds, ΩC ) are coming. 

• We are looking forward to an exciting era of discoveries and we know the world is 
waiting for us. 

Courtesy Tom Browder

Thank you for your attention!

https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/1808.10567
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ϒ(4S)

BCP

Btag

Δz

Δz ≅ cβγτ B ~130µm10.58 GeV/c2

β𝛾~0.284

e− e+

Flavor tag

CP eigenstate

cβγ
= ΔtΔz

e− : 7.0 GeV, e+ : 4.0 GeV 
SuperKEKB - Belle II

S and A : CP-violation parameters.

The flagship B factory measurement 

• By measuring time evolution of B meson 

pairs, we can get constraints 

• for CP-violating angles, ϕ1(=β) and ϕ2(=α)

• the B0-B0 mixing parameter Δmd .   

•  ϕ1 , ϕ2 are fundamental inputs of the CKM fit. 

• Current precisions:  ϕ1/β ~0.7° and ϕ2/α ~4.5° 

• Belle II expects to improve by a factor ~5 on 

both.

P(�t) =
e�|�t|/⌧B0

4⌧B0

{1 + q[Ssin(�md�t) +Acos(�md�t)]}
<latexit sha1_base64="SfNFBlFKhtpZisgUH2SU3uGAEkc="></latexit><latexit sha1_base64="SfNFBlFKhtpZisgUH2SU3uGAEkc="></latexit><latexit sha1_base64="SfNFBlFKhtpZisgUH2SU3uGAEkc="></latexit><latexit sha1_base64="SfNFBlFKhtpZisgUH2SU3uGAEkc="></latexit>

)

)

)

⌘
<latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit>

⇢
<latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit>

VtdV
⇤
tb

<latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit>

VudV
⇤
ub

<latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit>

VcdV
⇤
cb

<latexit sha1_base64="pRsnJZLqSjZqeQwNTM5wmGAqPbs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07o5T4Wd69bHgxqtbsuj0HWiVOQWpQoDWqfg38iCQhFZpwrFTfsWPtplhqRjjNKoNE0RiTKR7TvqECh1S56fzqDJ0ZxUdBJE0Jjebq740Uh0rNQs9MhlhP1LKXi/95/UQH127KRJxoKsjioSDhSEcojwD5TFKi+cwQTCQztyIywRITbYKqmBCc5S+vks5l3bHrzn2j1rwp4ijDCZzCOThwBU24gxa0gYCEZ3iFN+vJerHerY/FaMkqdo7hD6zPH3BBknQ=</latexit><latexit sha1_base64="pRsnJZLqSjZqeQwNTM5wmGAqPbs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07o5T4Wd69bHgxqtbsuj0HWiVOQWpQoDWqfg38iCQhFZpwrFTfsWPtplhqRjjNKoNE0RiTKR7TvqECh1S56fzqDJ0ZxUdBJE0Jjebq740Uh0rNQs9MhlhP1LKXi/95/UQH127KRJxoKsjioSDhSEcojwD5TFKi+cwQTCQztyIywRITbYKqmBCc5S+vks5l3bHrzn2j1rwp4ijDCZzCOThwBU24gxa0gYCEZ3iFN+vJerHerY/FaMkqdo7hD6zPH3BBknQ=</latexit><latexit sha1_base64="pRsnJZLqSjZqeQwNTM5wmGAqPbs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07o5T4Wd69bHgxqtbsuj0HWiVOQWpQoDWqfg38iCQhFZpwrFTfsWPtplhqRjjNKoNE0RiTKR7TvqECh1S56fzqDJ0ZxUdBJE0Jjebq740Uh0rNQs9MhlhP1LKXi/95/UQH127KRJxoKsjioSDhSEcojwD5TFKi+cwQTCQztyIywRITbYKqmBCc5S+vks5l3bHrzn2j1rwp4ijDCZzCOThwBU24gxa0gYCEZ3iFN+vJerHerY/FaMkqdo7hD6zPH3BBknQ=</latexit><latexit sha1_base64="pRsnJZLqSjZqeQwNTM5wmGAqPbs=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07o5T4Wd69bHgxqtbsuj0HWiVOQWpQoDWqfg38iCQhFZpwrFTfsWPtplhqRjjNKoNE0RiTKR7TvqECh1S56fzqDJ0ZxUdBJE0Jjebq740Uh0rNQs9MhlhP1LKXi/95/UQH127KRJxoKsjioSDhSEcojwD5TFKi+cwQTCQztyIywRITbYKqmBCc5S+vks5l3bHrzn2j1rwp4ijDCZzCOThwBU24gxa0gYCEZ3iFN+vJerHerY/FaMkqdo7hD6zPH3BBknQ=</latexit>

�3(�)
<latexit sha1_base64="YumRazs8Bh5/IYdjY6xwrA+I8lQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBT0WvXisYD+gu5bZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4upn67UeqNIvlvRknNBAwkCxiBIyVHvxkyHrnVX8AQsBpr1xxa+4MeJl4OamgHI1e+cvvxyQVVBrCQeuu5yYmyEAZRjidlPxU0wTICAa0a6kEQXWQza6e4BOr9HEUK1vS4Jn6eyIDofVYhLZTgBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqxifE0AtxnihLDx5YAUczeiskQFBBjgyrZELzFl5dJ66zmuTXv7qJSv87jKKIjdIyqyEOXqI5uUQM1EUEKPaNX9OY8OS/Ou/Mxby04+cwh+gPn8weTwpHl</latexit><latexit sha1_base64="YumRazs8Bh5/IYdjY6xwrA+I8lQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBT0WvXisYD+gu5bZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4upn67UeqNIvlvRknNBAwkCxiBIyVHvxkyHrnVX8AQsBpr1xxa+4MeJl4OamgHI1e+cvvxyQVVBrCQeuu5yYmyEAZRjidlPxU0wTICAa0a6kEQXWQza6e4BOr9HEUK1vS4Jn6eyIDofVYhLZTgBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqxifE0AtxnihLDx5YAUczeiskQFBBjgyrZELzFl5dJ66zmuTXv7qJSv87jKKIjdIyqyEOXqI5uUQM1EUEKPaNX9OY8OS/Ou/Mxby04+cwh+gPn8weTwpHl</latexit><latexit sha1_base64="YumRazs8Bh5/IYdjY6xwrA+I8lQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBT0WvXisYD+gu5bZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4upn67UeqNIvlvRknNBAwkCxiBIyVHvxkyHrnVX8AQsBpr1xxa+4MeJl4OamgHI1e+cvvxyQVVBrCQeuu5yYmyEAZRjidlPxU0wTICAa0a6kEQXWQza6e4BOr9HEUK1vS4Jn6eyIDofVYhLZTgBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqxifE0AtxnihLDx5YAUczeiskQFBBjgyrZELzFl5dJ66zmuTXv7qJSv87jKKIjdIyqyEOXqI5uUQM1EUEKPaNX9OY8OS/Ou/Mxby04+cwh+gPn8weTwpHl</latexit><latexit sha1_base64="YumRazs8Bh5/IYdjY6xwrA+I8lQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBT0WvXisYD+gu5bZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4upn67UeqNIvlvRknNBAwkCxiBIyVHvxkyHrnVX8AQsBpr1xxa+4MeJl4OamgHI1e+cvvxyQVVBrCQeuu5yYmyEAZRjidlPxU0wTICAa0a6kEQXWQza6e4BOr9HEUK1vS4Jn6eyIDofVYhLZTgBnqRW8q/ud1UxNdBRmTSWqoJPNFUcqxifE0AtxnihLDx5YAUczeiskQFBBjgyrZELzFl5dJ66zmuTXv7qJSv87jKKIjdIyqyEOXqI5uUQM1EUEKPaNX9OY8OS/Ou/Mxby04+cwh+gPn8weTwpHl</latexit>
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Belle First Look at Time Dependent CPV in B→J/ψ Ks0
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FIG. 1: Distribution of the beam-constrained mass Mbc for reconstructed B0 ! D�⇡+ candidates
from 34.6 fb�1 of data collected in 2019 and 2020 (black dots with error bars). The total fit function
is shown with a solid black line. The fit contains three components. The signal is described as a
Crystal Ball shape and is shown with the dashed black line. The qq background is described with
an Argus shape filled in blue. The bb background is described with an Argus shape plus a Gaussian
peak and is shown in red. The vertical dotted line delimits the sideband region (on the left) from
the signal region (on the right) in which the events are selected for the �t fit.
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FIG. 2: Top: �t distribution for reconstructed B0 ! D�⇡+ candidates. The red circles (blue
triangles) with error bars show events in which the tag and signal B0 have opposite flavours
(the same flavour). The background expectation, the shape of which is extracted from simulated
events and the yield of which is obtained from the Mbc fit, is subtracted to show only the signal
distribution. The solid line shows the signal �t distributions obtained from a fit to the events
shown with the corresponding colour. Bottom: asymmetry between the number of events with

opposite flavour and same flavour, i.e. N(B0B
0
)�N(B0B0/B

0
B

0
)

N(B0B
0
)+N(B0B0/B

0
B

0
)
. The fitted asymmetry obtained

from the fit shapes is superimposed and shown with a solid black line.
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The measurement of BB0 mixing parameter 
using a sample of B0 →D− (→K+π−π−) π+

Δmd = (0.531 ± 0.046 ± 0.013) ps-1 

The measurement of time dependent CP 
violation on B0 →J/ψ Ks0

FIG. 3: Distribution of the beam-constrained mass Mbc for reconstructed B0 !
J/ (µ+µ�)KS(⇡+⇡�) and B0 ! J/ (e+e�)KS(⇡+⇡�) candidates in 34.6 fb�1 of data collected
in 2019 and 2020 (black dots with error bars). The total fit function is shown with a solid black
line. The fit contains two components. The signal is described as a Crystal Ball shape and is
shown with the dashed black line. The background (qq + bb) is described with an Argus shape
plus a Gaussian peak and is shown with a filled blue shape. The vertical dotted line delimits the
sideband region (on the left) from the signal region (on the right) in which the events are selected
for the �t fit.
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FIG. 4: Top: �t distribution for reconstructed B0 ! J/ (µ+µ�)KS(⇡+⇡�) and B0 !
J/ (e+e�)KS(⇡+⇡�)candidates. The blue circles (red triangles) with error bars show events in
which the signal candidate is accompanied by a B0 (B

0
) tag. The background expectation, the

shape of which is extracted from simulated events and the yield of which is obtained from the Mbc

fit, is subtracted to show only the signal distribution. The solid lines show the signal �t distribu-
tions obtained from a fit to the events shown with the corresponding colour. Bottom: asymmetry

between the number of events with B0 tag and B
0
tag. i.e.

N(B
0
tag)�N(B0

tag)

N(B
0
tag)+N(B0

tag)
. The fitted asymmetry

obtained from the fit shapes is superimposed and shown with a solid black line.
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S = (0.55 ± 0.21 ± 0.04) 
(significance ~2.7 σ)[BELLE2-NOTE-PL-2020-011]

Belle II ∫Ldt = 34.6 fb−1

B0 lifetime = (1.519 ± 0.004) ps 

Δmd = (0.5065 ± 0.0019)ps-1
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